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Abstract 



PURPOSE:To improve operability by automatically determining the scanning conditions of a charged particle 
beam microscope such as a scanning electronic microscope. 

CONSTITUTIONS control device 10 makes the pattern matching between the sample image signal stored in 
the frame memory of a detecting circuit and a template stored in advance for each scanning condition while 
changing the scanning condition such as the scanning speed and the number of integrations of a sample 6 via 
an electron beam and obtains the highest value of the correlation value. The control device 10 sets the 
scanning condition at the highest value among the highest values of the correlation value obtained for 
individual scanning conditions. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [Industrial Application] this invention scans a 
sample by charged-particle line like an electron ray, and relates to the scanned type charged- 
particle line microscope which observes a sample based on the information acquired from a 
sample. [0002] [Description of the Prior Art] The former, for example, a scanning electron 
microscope, consists of the electron optics system for converging the electron ray from the 
source of an electron ray on the sample put on the sample base, the deflecting system for 
scanning a sample by the electron ray which converged, a detector that detects the information 
on a sample from the secondary electron emitted from the sample, a control unit which controls 
deflecting system, and drops, such as CRT which displays a sample image. In order that such 
a scanning electron microscope may display a picture on a drop using the information which 
scanned the sample by the electron ray and was acquired from the sample, the resolution of a 
display image, contrast, etc. change with scanning conditions, such as a scan speed on the 
sample of an electron ray, and addition number of sheets (the addition average is memorized one 
by one to the frame memory which memorizes a sample image synchronizing with the scan on 
the sample of an electron ray). Therefore, whenever the observation conditions of equipments, 
such as a time of a sample changing and an observation scale factor, changed, while the operator 
observed the display image, scanning conditions were changed, and the scanning conditions 
which can perform optimal image observation were determined. [0003] [Problem (s) to be 
Solved by the Invention] In such a Prior art, since the scanning conditions which change 
scanning conditions and can perform optimal image observation were determined while the 
operator observed the display image, operability was bad. The purpose of this invention is 
automating the determination of the scanning conditions of the charged-particle line microscope 
like a scanning electron microscope, and raising operability. [0004] [Means for Solving the 
Problem] In order to attain the above-mentioned purpose this invention according to claim 1 In 
the scanned type charged-particle line microscope which displays a sample image based on the 
information which scans a sample by the charged-particle line and is acquired by it from a 
sample A template creation means to memorize some aforementioned sample images as a 
template, A correlation value detection means to calculate the correlation value of a sample 
image and the aforementioned template, changing the detection object domain in a scanning field 
one by one, and to detect a value with the highest correlation value, While making scanning 
conditions change into a scanning condition change means to change the scanning conditions of 
a charged-particle line, and the aforementioned scanning condition change means, one by one 
A correlation value with the highest correlation value that the aforementioned position detection 
means calculated on each scanning conditions is compared, and the scanned type charged-particle 
line microscope equipped with the control means which make the scanning conditions from 
which the correlation value with the highest correlation value was acquired in these set it as the 
aforementioned scanning condition change means is offered. Moreover, this invention according 
to claim 2 is equipped with a position detection means by which a correlation value detection 
means asks for the position in the aforementioned scanning field which detected the value with 
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^ the highest correlation value. [0005] [Function] The claim 1 and this invention according to 
claim 2 have judged the best state of a picture automatically by calculating the correlation value 
by pattern matching based on knowledge that a value with the highest correlation value is 
acquired in the best state of a picture. Moreover, in this invention by the claim 2, since the 
optimal scanning conditions are automatically acquired using pattern matching for position 
detection, it is not necessary to establish a special picture evaluation means. [0006] [Example] 
Drawing 1 is drawing showing the outline of the display system which displays the control 
system and the detected sample image which controls the optical system and this optical system 
of the scanning electron microscope which was adapted in this invention. In drawing 1 , the 
electron ray injected from the source 1 of an electron ray converges on the sample 6 laid in the 
sample base 5 with an objective lens 4, after converging by the condensing lens 2 focusing on 
the deviation of deflecting system 3. Deflecting system 3 makes the electron ray which 
converged on the sample scan in two dimensions on a sample. A detector 7 detects the secondary 
electron emitted from the sample 6 by this scan. [0007] A control unit 10 controls each part of 
optical system based on instructions of an input unit 1 1 including the conversion circuit which 
changes into the control signal of each part material of optical system the instructions from the 
computer which controls operation of the whole scanning electron microscope, or this computer. 
A control unit 10 controls deflecting system 3 by the scanning conditions of having inputted into 
the input unit 11, such as a scan speed and the number of times of a scan, and makes the frame 
memory whose detecting signal which the detector 7 detected is not illustrated [ of a detector 
8 ] memorize only predetermined addition number of sheets (equal to the number of times of a 
scan) synchronizing with the scan of an electron ray. A control unit 10 reads the value which 
is predetermined, which carried out addition average processing and the frame memory of a 
detector 8 was made to memorize this value when addition number-of-sheets storage was carried 
out, and was used as a drop 9 and which carried out addition average processing synchronizing 
with the scan of CRT from this frame memory to a non-illustrated frame memory, for example, 
and displays a sample image on CRT. The control unit 10 has the position detection function in 
which pattern matching was used. If the rectangle cursor which changes to arbitrary sizes by the 
instructions from an input unit 11 is displayed and an operator chooses arbitrary figures as a 
template into the screen of a drop 9 using this rectangle cursor This template is memorized, the 
correlation value of the sample image and the aforementioned template which changed the 
scanning field and were obtained is calculated, changing the detection object domain in a 
scanning field one by one, and the position in the scanning field where a correlation value is the 
highest is detected. Moreover, a control unit 10 controls deflecting system 3 by the scanning 
conditions from which the further highest correlation value among the highest correlation values 
that compared the correlation value with the highest correlation value on each scanning 
conditions, changing sequential-scanning conditions in predetermined sequence according to 
detecting the position of the sample image memorized as a template when the scanning field of 
a sample is changed, and were acquired on each scanning conditions was acquired. [0008] 
Operation of such a scanning electron microscope of composition is explained using an example 
of the display screen shown in the flow chart about the determination of the scanning conditions 
of the computer of the control unit 10 shown in drawing 2 , drawing 3 , and drawing 4 , and 
an example of the template shown in drawing 5 . If an operator orders an input unit 11a start 
of operation, a control unit 10 will impress predetermined voltage to the source 1 of an electron 
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y ray, a condensing lens 2, deflecting system 3, an objective lens 4, and detector 7 grade, and will 
make a scanning electron microscope an operating state. The electron ray from the source 1 of 
an electron ray is interrupted by the non-illustrated shutter until it starts actual observation, and 
it is not given to a sample 6. If an operator orders it observation with an input unit 11, a non- 
illustrated shutter can open and an electron ray will reach a sample 6. The deflecting voltage of 
a standard period is impressed to deflecting system 3, and, simultaneously with it, an electron 
ray carries out the raster scan of the sample 6 top in two dimensions. A detector 6 is 
supplemented with the secondary electron obtained from a sample 7, A/D conversion of it is 
amplified and carried out by the detector 8, and it is memorized by the non-illustrated frame 
memory as information from a sample 6 synchronizing with the scan of deflecting system 3. 
Under the present circumstances, the addition number of sheets of a frame memory is set as the 
standard thing. A control unit 10 reads the contents of a frame memory synchronizing with the 
scan of a drop 9, and displays a sample image on a drop 9. In addition, axial adjustment, focus 
control, etc. are performed automatically as everyone knows. An operator specifies the 
coordinate value (based on a design data, it can determine with the value from the criteria 
position of a pattern) of the pattern which observes and measures the same pattern in order to 
change, observe and measure a place to be an input unit 11, when choosing a regular pattern like 
a semiconductor substrate as a sample 6 and measuring the line breadth of a predetermined 
pattern. The position of the sample base 5 is read by the non-illustrated interferometer, and since 
the coordinate value of a sample 6 and the coordinate value of the sample base 5 have taken 
correspondence mostly by the alignment at the time of putting a sample 6 on the sample base 
5, they can bring the specified position in the visual field of an electron microscope by 
specifying the coordinate position of the pattern observed and measured as everyone knows. That 
is, the pattern observed and measured is displayed in the screen of a drop 9. [0009] Now, by 
alignment, since it is the precision which is a grade into which, as for the coordinate value of 
a sample 6, and the coordinate value of the sample base 5, a pattern predetermined to visual 
field within the limits of a microscope goes in such a case, you have to determine where [ of 
a visual field (inside of the screen of a drop 9) ] a predetermined pattern is. Therefore, an 
operator uses the position detection function in which pattern matching was used. That is, an 
operator adjusts the position and size of the rectangle cursor 31 which were displayed on the 
screen within the observation visual field 30 of a drop with an input unit 11, and determines the 
template for pattern matching. By specifying it as an input unit 11 by making the star type 
pattern of illustration into a template in the example of drawing 3 , the template of a star type 
pattern as shown in drawing 5 is memorized by the control unit 10. And if the portion of the 
pattern actually measured by drawing 3 is the portion 32 of a reverse L type pattern, the distance 
(a direction is also included) 33 of the position of a template and measurement position which 
were specified when an operator specified a measurement position is also measured. Now, when 
measuring the portion 320 of the reverse L type pattern of another portion of a sample 6, the 
sample base 5 moves so that this another portion may come in the scanning field of an electron 
ray. Consequently, while the sample image of a scanning field new to a non-illustrated frame 
memory is memorized, suppose that a pattern like drawing 4 which is the sample image of a new 
scanning field was displayed in the observation visual field 30 of a drop 9 (the field on the 
sample 6 corresponding to this display will be scanned). Then, changing the detection object 
domain in a scanning field one by one, a control unit 10 calculates a correlation value with the 



3 



y memorized template, and detects the position in the scanning field where a correlation value is 
the highest. If it says in the example of drawing 5 , the position where a correlation value is the 
highest is a time of a template agreeing in the position of a sign 51, and the position of the 
template at this time is shown as a coordinate value (XI and Yl) which made the upper left of 
a screen in the screen the criteria position (XO and YO). Therefore, if a template and the position 
where a correlation value is the highest are known, distance 33 shows the position of the 
measurement portion 320 of a reverse L type pattern. The position of the measurement portion 
320 can also be expressed as a coordinate value (X2 and Y2), and can also be expressed as 
movement magnitude (delta X, delta Y). Now, in the case of another sample, when doing in 
this way and observing a sample 6, even if it is the same kind (what has the formed the same 
pattern), since how a scanning image appears differs, with a semiconductor wafer, an operator 
needs to choose the scanning conditions a sample image appears most vividly again by in which 
stage of down stream processing even if it is the same sample, it is observing. Drawing 2 is the 
flow chart of the control unit 10 which is used in such a case. If a sample 6 is newly laid on the 
sample base 5, a control unit 10 will control the position of the sample base 5 to scan the 
scanning field (for example, field including the center of a sample 6) used as the criteria defined 
beforehand, and it will position a sample 6 so that the field which has the same pattern as a 
template can be scanned (Step 20 of drawing 2 ). And repeating pattern matching changing 
scanning conditions one by one in the turn defined beforehand, a value [ conditions / scanning 
/ each ] with the highest correlation is made to correspond to each scanning conditions, and is 
memorized (Step 23 of drawing 2 ). (Steps 21, 22, 24, and 25 of drawing 2 ) An end of pattern 
matching in all the groups of the scanning conditions prepared beforehand investigates whether 
the time of which scanning conditions has the highest correlation value (Step 26 of drawing 2 
) . (Step 24 of drawing 2 ) And since it is the scanning conditions that a correlation value is the 
highest, at the time with the most sufficient vanity of an image, this scanning condition is set 
up (Step 27 of drawing 2 ). Thus, whenever an operator directs new installation of a sample 7, 
the optimal scanning conditions for observation are set up automatically. Therefore, an operator 
only inputs having laid the new sample in the sample base 5, and a length measurement 
coordinate position from an input unit 11, the optimal scanning conditions are set up, and length 
measurement is performed. In addition, although it excels in the above example since PATANN 
matching for detecting a length measurement position is used for the determination of scanning 
conditions, and it is not necessary to form pattern-matching equipment special for the 
determination of scanning conditions, there is not necessarily no need of connecting pattern 
matching for scanning condition determination with pattern matching for detecting a length 
measurement position. Moreover, although the above example is searching for scanning 
conditions when a correlation value is further the highest in the combination with the highest 
correlation value in each scanning conditions in Step 27 of drawing 2 Thus, since the scan speed 
may be slow, the scanning conditions searched for Predetermined conditions can be set up 
beforehand, such as choosing and setting up the scanning conditions from which the average 
correlation value in the inside of the combination with the highest correlation value in each 
scanning conditions was acquired, or choosing the quick scanning conditions of a scan speed 
most in the correlation value beyond a predetermined value. Furthermore, scanning conditions 
prepare combination, such as a scan speed and addition number of sheets, beforehand, and an 
operator may prevent from setting them up freely, and an operator may enable it to program 
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/ them freely from the performance of equipment within possible limits. And you may make it the 
combination of scanning conditions choose the optimal combination in the inside of the subgroup 
which did not perform all, but classified all combination into the subgroup, performed 
combination used as the representation of each subgroup, chose the optimal subgroup, and was 
chosen as the next. That is, a search time can be shortened by detecting coarsely the 
neighborhood where the optimal scanning conditions are likely to exist first, and examining the 
neighborhood in detail after that. Although the above example explained the scanning electron 
microscope, this invention can be applied also like the microscope which used other charged- 
particle lines, such as an ion beam, further again. [0010] [Effect of the Invention] Since the 
optimal scanning conditions are automatically determined according to this invention as stated 
above, operability can obtain a good operated type charged-particle line microscope. [0011] 
Moreover, like invention indicated to the claim 2, if pattern matching for position detection is 
diverted, an equipment configuration can be simplified. 

CLAIMS 

[Claim(s)] [Claim 1] The scanned type charged-particle line microscope which is characterized 
by providing the following and which displays a sample image based on the information which 
scans a sample by the charged-particle line and is acquired by it from a sample. A template 
creation means to memorize some aforementioned sample images as a template. A correlation 
value detection means to calculate the correlation value of a sample image and the 
aforementioned template, changing the detection object domain in a scanning field one by one, 
and to calculate a value with the highest correlation value. A scanning condition change means 
to change the scanning conditions of a charged-particle line, conditions predetermined from a 
correlation value with the highest correlation value that the aforementioned position detection 
means calculated on each scanning conditions while making scanning conditions change into the 
aforementioned scanning condition change means one by one — being based - scanning 
conditions — setting — this — a law - the control means which make ****** conditions set it 
as the aforementioned scanning condition change means [Claim 2] In the scanned type charged- 
particle line equipment indicated to the claim 1 the aforementioned predetermined conditions of 
the aforementioned control means It is a correlation value with the highest correlation value in 
a correlation value with the highest correlation value that the aforementioned position detection 
means calculated on each aforementioned scanning conditions. The aforementioned correlation 
value detection means is a scanned type charged-particle line microscope characterized by having 
a position detection means to detect the position in the scanning field where the value with the 
detected highest correlation value was acquired further. 

[Translation done.] 
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